We study the anomalous quartic ZZγγ couplings through the processes e + e − → Z Z γ, e + e − → e + γ * e − → e + Z Z e − , and e + e − → e + γ * γ * e − → e + Z Z e − at the CLIC. We perform a model independent analysis defining genuine quartic gauge couplings and find 95% confidence level bounds on these couplings. The best bounds on the anomalous ZZγγ couplings between three processes is obtained through the process e + e − → Z Z γ at a center of mass energy of 3 TeV and integrated luminosity of 590 fb −1 . We have shown that the obtained bounds on both anomalous coupling parameters are at the order of 10 −8 GeV −2 , which significantly improves the current bounds. * mkoksal@cumhuriyet.edu.tr
I. INTRODUCTION
In the context of the standard model (SM), self-interactions of gauge bosons are exactly determined by SU(2) L ⊗ U(1) Y gauge symmetry. For this reason, the research of these couplings plays an important role in finding out the gauge structure of the SM. Any deviation of the triple and quartic couplings of the gauge bosons from the SM expectations would indicate the existence of possible new physics which can be stated in a model independent analysis by means of the effective Lagrangian approach. Such an approach is described by high-dimensional operators which give rise to genuine quartic gauge couplings. These effective operators also do not cause new trilinear vertices. Therefore, genuine quartic gauge couplings can be independently studied from trilinear couplings. The charge and parity conserving dimension 6 effective Lagrangian includes at least two photons that induce the ZZγγ vertex imposing the global custodial SU(2) and local U(1) symmetry defined by the
where W (i) is SU(2) weak triplet, F µν is the photon field strength tensor, and a 0 and a c are the dimensionless anomalous coupling constants.
The Z µ Z ν γ α γ β vertex functions produced by dimension 6 effective quartic Lagrangians are given by
i πα 2cos 2 θ W Λ 2 a c [(p 1 .p 2 )(g µα g νβ + g µβ g αν ) + g αβ (p 1µ p 2ν + p 2µ p 1ν )
where p 1 and p 1 are the momenta of photons.
The experimental bounds on the anomalous coupling parameters 
However, the current most restrictive experimental bounds are obtained by OPAL collaboration. These are
at 95% C. L. [4] .
Up to now, the anomalous quartic ZZγγ couplings at the linear e + e − colliders and its eγ and γγ options have been investigated via the processes e + e − → Zγγ [5, 6] , e + e − → ZZγ [7] , e + e − → qqγγ [8] , eγ → ZZe [9] , eγ → Zγe [10] , and γγ → W W Z [11] . These vertices also have been examined at hadron colliders through the processes pp → Zγγ [12] , p p (p) → γγℓℓ
pp → qqγℓℓ [20] .
II. EQUIVALENT PHOTON APPROXIMATION AT THE LINEAR COLLIDER
In the next few years, since the LHC has high center-of-mass energy and high luminosity, it is expected to answer some of the fundamental open questions in particle physics. However, 
III. CROSS SECTIONS
Tree-level Feynman diagrams for the processes e + e − → Z Z γ, and the subprocesses 
where L int is the integrated luminosity and σ SM is the SM cross section. Here, we considered fully-leptonic decay channels of the final Z bosons of both processes the lepton channels of which are well-determined experimentally. Hence, the branching ratio of the Z boson pairs in the final states of both processes is BR(Z → ℓl) 2 = 4.52 × 10 −3 . Therefore, the SM background cross sections for the processes e + e − → Z Z γ and e + e − → e + γ * e − → e + Z Z e − are given in Table II. On the other hand, the SM cross section of the process e + e − → e + γ * γ * e − → e + Z Z e − is quite small, because the subprocess γγ → Z Z is not allowed at the tree level. It is only allowed at loop level and can be neglected [14] [15] [16] [17] . Therefore, the observation of a few events at the end of such a process would be an important sign of new physics beyond the SM.
In our study, we use two different analyses for detailed research of the anomalous ZZγγ couplings. First, we employ a simple one-parameter χ 2 test when the number of SM events is greater than 10. This analysis only applies in the case of the process e + e − → Z Z γ with center-of-mass energy of √ s = 0.5 TeV and integrated luminosity of 230 fb −1 since the SM event number is equal to 17. The χ 2 analysis is described as follows
where σ N P is the total cross section in the presence of anomalous gauge couplings,
is the statistical error and here N is the number of events.
On the other hand, we carry out a Poisson distribution in the study of the anomalous couplings of all other processes due to the number of the SM events being fewer than 10.
Sensitivity bounds are calculated by presuming the number of observed events to be equal to the SM prediction, i.e.,
The upper limits of the number of events N up at the 95% C.L. can be obtained as follows [15, 17] N obs
The value of upper limits N up can be determined with respect to the value of the number of observed events [49] . Tables V-VII that the sensitivity to anomalous couplings rapidly increases when the center-of-mass energy and integrated luminosity of the processes increase.
V. CONCLUSIONS
Since the linear e + e − colliders and its eγ * and γ * γ * options have very clean experimental conditions and are mostly free from QCD backgrounds, the anomalous quartic gauge couplings with high precision measurements with reference to LHC can be obtained. However, the anomalous quartic gauge couplings a 0 Λ 2 and ac Λ 2 are described by dimension 6 effective quartic Lagrangian. We can understand that the total cross sections containing these couplings have a higher energy dependence than the usual SM processes. Therefore, having a high center-of-mass energy, the linear collider is extremely important for the determination of the anomalous quartic gauge couplings. For these reasons, we probe the processes e + e − → Z Z γ, 
